Low Glycaemic Index Dietary Interventions in Youth with Cystic Fibrosis: A Systematic Review and Discussion of the Clinical Implications by Balzer, Ben W. R. et al.
Nutrients 2012, 4, 286-296; doi:10.3390/nu4040286 
 
nutrients 
ISSN 2072-6643 
www.mdpi.com/journal/nutrients 
Review 
Low Glycaemic Index Dietary Interventions in Youth with 
Cystic Fibrosis: A Systematic Review and Discussion of the 
Clinical Implications 
Ben W. R. Balzer 
1,2, Christie L. Graham 
3, Maria E. Craig 
2,4,5, Hiran Selvadurai 
2,6,  
Kim C. Donaghue 
2,4, Jennie C. Brand-Miller 
7,8 and Kate S. Steinbeck 
1,2,*  
1  Department of Adolescent Medicine, The Children’s Hospital at Westmead, Westmead 2145, 
Australia; E-Mail: bbal8821@uni.sydney.edu.au   
2  Discipline of Paediatrics and Child Health, University of Sydney, Camperdown 2006, Australia;   
E-Mails: maria.craig@health.nsw.gov.au (M.E.C.); hiran.selvadurai@health.nsw.gov.au (H.S.); 
kim.donaghue@health.nsw.gov.au (K.C.D.) 
3  Department of Nutrition and Dietetics, The Children’s Hospital at Westmead, Westmead 2145, 
Australia; E-Mail: christie.graham@health.nsw.gov.au 
4  Institute of Endocrinology and Diabetes, The Children’s Hospital at Westmead,  
Westmead 2145, Australia   
5  School of Women’s and Children’s Health, University of New South Wales,  
Randwick 2031, Australia 
6  Department of Respiratory Medicine, The Children’s Hospital at Westmead,  
Westmead 2145, Australia 
7  School of Molecular Bioscience, University of Sydney, Camperdown 2006, Australia;  
E-Mail: jennie.brandmiller@sydney.edu.au 
8  Boden Institute of Obesity, Nutrition and Exercise, University of Sydney,  
Camperdown 2006, Australia 
*  Author to whom correspondence should be addressed; E-Mail: kate.steinbeck@health.nsw.gov.au; 
Tel.: +61-2-9845-2507; Fax: +61-2-9845-2517. 
Received: 13 March 2012; in revised form: 11 April 2012 / Accepted: 17 April 2012 /  
Published: 18 April 2012  
 
Abstract: A systematic review was conducted to assess what is known about the effect of 
low glycaemic index (GI) diets on glycaemic control, weight and quality of life in youth 
with cystic fibrosis (CF). Eligibility criteria were systematic reviews, randomised and  
non-randomised trials of low GI dietary interventions in CF. Outcomes examined were 
glycaemic control, quality of life, anthropometry and respiratory function. Reference lists 
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were manually searched and experts in the field were consulted. Four studies met the 
eligibility criteria; two were excluded because they did not include data on any of the 
outcomes. The remaining two were studies that examined GI secondary to any other 
intervention: one used GI as a factor in enteral feeds and the other incorporated low GI 
dietary education into its treatment methodology. There is insufficient evidence to 
recommend use of low GI diets in CF. Since there is evidence to support use of low GI 
diets in type 1, type 2 and gestational diabetes, low GI diets should be tested as an 
intervention for CF. The potential risks and benefits of a low GI diet in CF are discussed. 
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1. Introduction 
Less than 25% of people with cystic fibrosis-related diabetes mellitus (CFRD) survive beyond  
30 years of age, compared with 60% of CF individuals without CFRD [1,2]. CFRD is associated with 
deteriorating lung function [3] and an increased risk of bacterial chest infections, in part due to airway 
hyperglycaemia [4]. In addition, glucose intolerance negatively affects protein catabolism, which is 
accompanied by a decrease in body mass index (BMI) [5] and is also associated with an increased risk 
of deterioration in pulmonary disease [6]. As well as increased mortality [7–11], CFRD is associated 
with an increased need for lung transplantation, an increased treatment burden and potential risk of 
diabetic microvascular complications due to poor glycaemic control [12].  
The prevalence of CFRD increases with age; from 20% at 15 years to 70% by age 30 [7]. CF with 
impaired glucose tolerance (CF-IGT) affects 20% of 10-year olds and 82% of the CF population by 
age 30 [7]. Clinical deterioration in CF has been described for up to six years prior to diagnosis of 
CFRD and exposed by more effective CF treatment [9,13].  
CFRD is a distinct form of diabetes and its pathophysiology involves a gradual deterioration in 
insulin secretion [7,9,10] and diminished insulin sensitivity [6,7,9,13], which is accompanied by 
inflammation. Factors that may potentiate the risk of CFRD include the ΔF508 mutation [9], 
corticosteroid use [8] and chronic infection [11]. CF-IGT generally presents with normal fasting 
plasma glucose but abnormal post-prandial glucose levels [14]. Progressive damage to pancreatic  
beta-cells with continuing exocrine pancreatic destruction, combined with insulin resistance of   
puberty [15–19], likely explains the increased prevalence in CF-IGT and CFRD in adolescence.  
Insulin is considered the optimal therapy for CFRD [20,21], however the role of insulin for 
treatment CF-IGT remains controversial [13]. Insulin therapy in CF-IGT increases the treatment 
burden for people with CF and it remains to be established whether early initiation of insulin reduces 
long term morbidity and mortality [22].  
The use of a low glycaemic index (GI) diet has shown potential for improving glycaemic control in 
other forms of diabetes [23], and is now recommended as part of dietary management in both type 1 
and type 2 diabetes [24,25] Low GI foods contain carbohydrates that are more slowly digested and 
absorbed than higher GI foods, producing lower blood glucose excursions after consumption and 
consequently reduced endogenous insulin production [26]. Low GI diets are associated with improved Nutrients 2012, 4  
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insulin sensitivity, glycated haemoglobin and day-long glycaemia [23]. Low GI diets improve quality 
of life in type 1 and type 2 diabetes [23] and may have similar benefits in CF-IGT and CFRD. 
However, implementation of a low GI diet must incorporate the primary goals of nutrition therapy in 
CF: To achieve optimal weight gain (and growth in children and adolescents). Our aim was to 
systematically review the evidence base for use of a low GI diet in CF-IGT and CFRD. 
2. Methods 
A systematic search was conducted for low GI dietary interventions for CF or CF-IGT. We 
searched PubMed, Medline (via OvidSP), Embase, Web of Science and the Cochrane Database for 
Systematic Reviews for all years to January 2012. After devising search strategies and employing 
MeSH terms, searches were conducted for keywords and text (title or abstract) (Table 1). Search terms 
included: “cystic fibrosis”, “cystic fibrosis-related diabetes mellitus”, “impaired glucose tolerance”, 
“dietary intervention” and “glycaemic index”. Results were supplemented by manual searches of 
reference lists of other articles and journal indices. Additionally, experts in CF and endocrinology were 
consulted. Inclusion criteria were systematic reviews, randomised controlled or uncontrolled studies of 
low GI dietary interventions in patients with CF-IGT or CFRD. Data related to glycaemic control, 
quality of life, anthropometry or respiratory function after low GI dietary intervention was required for 
inclusion. Studies that did not report outcome data for a low GI intervention were excluded. BB and 
KS made the final decisions on inclusion/exclusion (Figure 1).  
Table 1. Search strategy for Medline (via OvidSP). 
Search number  Search terms  Results 
1  exp. Cystic Fibrosis/  26,002 
2  Diabetes Mellitus/ or impaired glucose tolerance.mp.  88,034 
3  exp. Glycemic index/ or glycaemic index.mp.  1661 
4  1 AND 2  366 
5  4 AND 3  2 
Figure 1. Study selection process. 
 Nutrients 2012, 4  
 
 
289
3. Results  
Four documents were recovered in the search. Two were recovered from the electronic search: 
Mohan et al. [1] and Skopnik et al. [27] and two from a manual search: Rana et al. [13] and  
Ntimbane et al. [28], a further two were excluded. Both articles recovered from the internet search 
were excluded: Mohan et al. [1] considered mechanisms of glucose tolerance was excluded because it 
did not examine GI in CF, and Rana et al. [13], a systematic review of CFRD management, discussed 
low GI diets as an option for improving glycaemic control [13], but it did not identify any studies of 
low GI dietary interventions.  
Skopnik et al. [27] examined the glycaemic response to enteral feeds in 19 adolescents (mean age 
13 years) with CF, 11 previously shown to have normal oral glucose tolerance (CF-NGT) and 8 with 
abnormal oral glucose tolerance test (OGTT) results (CF-IGT or CFRD). Within a week of the initial 
75 g oral glucose tolerance test (OGTT), the study participants were given an enteral feed of 1.75 g of 
carbohydrate per kg body mass (to a maximum of 75 g) and a carbohydrate tolerance test was performed 
using this enteral feed formula as the glucose challenge. The study compared the glycaemic load (GL), 
physiological response and glucose AUC to the enteral feed formula with the OGTT response. The 
enteral feed, which consisted of lower carbohydrate and higher fat and protein contents than the OGTT 
formula, had a lower GI (as measured by AUC) than the standard OGTT, presumably due to the lower 
glucose amount in the feed and the higher dietary fat and protein components within it [27]. Specific 
numerical data are not provided by the authors as data are AUC in graphic format. The authors report 
significant differences (P < 0.05) in blood glucose area under the curve between groups receiving the 
standard OGTT formula and the enteral feed over the course of the OGTT, with enteral feed leading to 
lower blood glucose levels regardless of glycaemic tolerance status. The study was non-randomised, 
and did not use a low GI dietary intervention. 
Ntimbane et al. [28] was a two centre pilot intervention study of low GI dietary education versus no 
education, in children with CF, with primary outcomes related to tissue oxidative stress. Glycaemic 
status was only categorically evaluated by OGTT, but was not a primary end point of the study. Of the 
total study population (n = 31), 13 identified as having with CF-IGT of whom 1 dropped out of the 
study. Of the 12 remaining, nine were at one centre and received dietary education to avoid simple 
sugars and high GI foods. The three with IGT at the other centre did not receive this education. During 
12 months follow up, the three who had not been educated all progressed to CFRD from CF-IGT. Of 
the nine who received education, two progressed to CFRD, six returned to CF-NGT and one remained 
CF-IGT. Lack of randomisation, the small sample size (n  = 13) and no objective tool to measure 
dietary compliance are major limitations. To date, this study provides the only controlled evidence for 
a possible benefit of low GI diets in CF. 
4. Discussion  
The systematic review found no quality evidence for the use of low GI diets in CF and CFRD. Only 
two studies finally met the inclusion criteria, although neither examined a low GI intervention as a 
primary intervention in CF with IGT, the clinical scenario in which such diets are likely to have a use. 
Skopnik et al. [27] showed that a lower GI enteral feed formula provided a smaller AUC for glucose Nutrients 2012, 4  
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when compared to the standard OGTT. The lower GI enteral feed also led to improved glucose,  
C-peptide and insulin profiles under brief testing situation and allowed the authors to conclude that GI 
should be a factor for consideration in enteral feed selection [27]. Ntimbane et al. [28] provided some 
evidence in support of a low GI intervention for CF with IGT, although clearly these findings  
require confirmation in a more methodologically rigorous study. Thus our final conclusion must be 
that there is a dearth of evidence in support of, or against, the use of low GI diets and CF. None the 
less, the concept of a low GI intervention in CF deserves consideration for a number of clinically 
important reasons. 
4.1. General Dietary Considerations in CF 
Persons with CF require high-energy diets to maintain optimal nutritional status [29] as a result of 
their hyper-metabolic state. The increased energy requirements involve daily intakes of 120–150% of 
the recommended energy intake for the non-CF population [30] and the high energy density of fat is 
necessary. Generally, there are no restrictions on refined (high GI) sugars for those with CF, with 
carbohydrates forming close to half the daily energy intake. From clinical experience, the use of high 
glycaemic carbohydrates is common for snacks. The glycaemic excursion may vary, dependent for 
example on the concurrent fat intake. High fibre foods may be avoided because of bloating and the 
high satiety factor. Concern has been raised that dietary sugar may promote CF-IGT and CFRD [5,30], 
with high carbohydrate intake potentially exceeding insulin producing capabilities in CF. Although one 
study suggested the use of lower GI feeds to manage glucose intolerance [27], this has not been 
adequately trialled and is not suggested in guidelines for CF management.  
4.2. Low Glycaemic Index Diets as an Intervention in Non-CF Diabetes Mellitus 
A low GI diet protects against development of type 2 diabetes [30–33] and conversely a high GI 
diet may contribute to the development of type 2 diabetes [29]. High GI diets are associated with 
increased insulin resistance [34] and interestingly a significant disruption of beta-cell architecture [35], 
findings which may be particularly relevant to CF. Average GI and GL (the product of GI × amount of 
dietary carbohydrate in grams) are significant independent predictors of type 2 diabetes risk in non-CF 
subjects [36].  
Several clinical studies [29–32,37] and systematic reviews [23,26] have examined a low GI diet as 
an intervention in type 1 [30] and type 2 diabetes [32], as well as gestational diabetes mellitus [37]. In 
these studies, a low GI assisted in controlling glycaemia in both the short [31,32] and long [30] term. 
Most studies noted the ease in compliance [29,30,32,37], meaning it was a feasible intervention and 
one that can be implemented with a high degree of effectiveness and completion. Importantly, quality 
of life was not adversely impacted upon after a low GI intervention [23]. Low GI diets decreased  
post-prandial glycaemia and prevented hypoglycaemic events [30], and reduced exogenous insulin dose. 
There are two studies of GI interventions in adolescents with the metabolic syndrome [31] or  
type 2 diabetes/IGT [32]. O’Sullivan et al. [31] demonstrated in an RCT that a decrease in GL of 
20 units reduced by 2-fold the presence of the metabolic syndrome in adolescents. Palatability was 
discussed as a potential issue for compliance in this study, and the authors suggested that while a 
radical low GI intervention could be effective in adults, a slower transition to a lower GI and lower GL Nutrients 2012, 4  
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diet was needed in youth, with gradual substitution, though this did not appear to significantly alter 
their conclusions regarding the benefit of a low GI diet [31]. A crossover study in youth showed even 
one day of a low GI diet significantly decreased daytime glycaemia [32]. As with O’Sullivan et al. [31], 
abnormalities in glucose metabolism improved with a low GI dietary intervention, though the shorter 
duration and smaller sample size (n = 11) of this study is a limiting factor. Given, however, that these 
studies do not examine a CF population, one must exercise caution in extrapolating results and 
conclusions. As no current evidence base exists for low GI dietary interventions in CF, one must 
employ such results as potentially being applicable to CF until such a time that such an intervention in 
CF has been reported.  
4.3. The Potential for Weight Loss with a Low GI Diet 
The Diet, Obesity and Genes (DiOGenes) Study, involved initial kilojoule restricted dieting, followed 
by two levels of protein and two levels of GI [38]. Both higher protein and lower GI diets were 
associated with protection from weight regain, with the best outcome for the high protein-low GI diet 
combination. Low GI dieters also had significantly better compliance and completion rate compared to 
their high GI counterparts [38]. These findings were mirrored in the extension of DiOGenes to children 
of the initial study subjects [39]. For CF patients, weight loss is to be avoided as it is associated with 
respiratory deterioration, so these findings must be of concern. However, in these studies, the focus 
was weight change and subjects were instructed to lose weight by overall calorie reduction [38]. The 
secondary outcome of improved glycaemic control [38,39] would be the intended outcome in the CF 
population but dietary prescription would need to be high energy and high dietary fat.  
4.4. Could a Low GI Dietary Intervention Delay Progression to CFRD? 
A unique factor in CFRD pathogenesis, when compared to other forms of diabetes, is the origin of 
beta-cell loss. Inspissated mucus accumulation potentiates fibrotic damage by blocking the pancreatic 
exocrine duct system, leading to ischaemia and pancreatic endocrine tissue destruction. Common to 
CFRD and the other forms of diabetes mellitus, however, is hyperglycaemic toxicity to beta-cells [14,40]. 
Intervention studies have shown that hyperglycaemia-induced beta-cell apoptosis quickens the 
progression from IGT to type 2 diabetes [41,42]. While the endogenously-mediated destruction of the 
endocrine pancreatic tissue in CF is to-date non-modifiable, accumulation, the potential to modify 
hyperglycaemia-mediated beta-cell apoptosis should be considered as a means to slow the rate of 
decline in glycaemic tolerance. 
The Skopnik et al. [27] and Ntimbane et al. [28] studies identified in this systematic review provide 
very preliminary evidence for the use of low GI diets in CF. Well designed, randomised controlled 
studies with primary outcomes related to GI are required. A benefit of early dietary intervention is the 
potential to delay insulin therapy, which introduces an additional treatment burden in CF.  
CF-IGT is a precursor of CFRD [5,7]. In CFRD, a low GI diet may reduce insulin requirements [32,37], 
particularly with acute infection or post-transplantation [21]. A low GI diet may also reduce the risk of 
postprandial hypoglycaemia, which can be problematic for individuals with CFRD.  
To measure the efficacy of any low GI diet in CF, multiple factors must be assessed, including 
anthropometry. While HbA1c and OGTT are likely to remain standard clinical measures of glycaemia, Nutrients 2012, 4  
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continuous subcutaneous glucose monitoring (CGM) [43] has particular relevance in CF, as glucose 
tolerance may vary over time and HbA1c measurement can be of limited value due to shortened 
lifespan of erythrocytes. CGM has been validated in youth with CF [44] and can detect clinically 
important hyperglycaemic events over a longer time frame than the two hour OGTT [45–47]. CGM is 
well tolerated [43,47] but has a higher cost compared to OGTT [43,47], which while limiting its 
clinical use, could be well justified under controlled study conditions.  
4.5. Concerns Related to the Use of Low GI Diets in CF 
There are several concerns associated with a low GI diet, including weight loss, which has been 
partly addressed above (Section 4.3). An associated concern is that low GI may increase satiety [13,38] 
and this might reduce energy intake in CF. Therefore, a low GI diet in CF must be equivalent in energy 
to the current diet, and perhaps a “threshold” GI could be implemented, which enables a balance 
between improved glycaemic control and prevention of satiety. 
Palatability, ease of consumption, cost and education burden all may play crucial roles in the 
adherence to any dietary intervention. Pertinent to adolescents especially is acceptance of the diet by 
peers and family, with peer acceptance likely to be predominant. In many cases, a low GI diet involves 
simply substituting food brands, and does not restrict the consumption of many dietary staples. In 
addition, the high fat content of many high sugar foods used in CF diets will render these foods low 
GI. Many low GI choices are available, including confectionery such as chocolate and peanut butter, 
which satisfy low GI requirements, are popular amongst youth and are energy dense because they are 
high in dietary fat. Given the importance of quality of life in the CF population, it too must be 
considered an important factor in such an intervention, no less because any reduction in quality of life 
may reduce the compliance rate in an adolescent population. As mentioned previously, low GI studies 
in a non-CF population have reported improvements to quality of life [23]. Additionally, if a low GI 
diet in adolescents with CF and CF-IGT can reduce the need for insulin, the associated reduction in 
treatment burden should increase or at least maintain quality of life.  
Enteral feeding has well established nutritional benefit in CF; however its high carbohydrate and 
high GL increases the risk of CFRD, with approximately half of enterally-fed adolescent subjects 
progressing to it in one study [22]. However, the authors note that causative relationships between 
enteral feeds and CFRD progression cannot be made from their results [22], so one must interpret this 
finding with caution. Any future interventional study using low GI foods would need to determine how 
best to integrate this therapy.  
A low GI diet may be more expensive if low GI foods are more expensive than high GI foods. 
There is a lack of evidence for cost effectiveness; therefore assessment of cost should be part of any 
low GI study in CF. 
5. Conclusions 
There is uncontrolled evidence from two studies demonstrating potential benefits of low GI diets, 
including improved glucose tolerance at one year follow up. Low GI diets are theoretically attractive 
and deserve scientific study as a possible dietary intervention in CF. The ease in switching to a low GI 
diet, as opposed to a proscriptive diet, means that the intervention should be relatively burden-free and Nutrients 2012, 4  
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therefore may meet with less resistance from individuals with CF, as almost all commonly eaten foods 
can still be enjoyed. An improvement in the glycaemic status of youth with CF, especially those with 
CF-IGT, may translate into improved quality of life and lower treatment burden in the longer term.  
Conflict of Interest 
JB-M is on the editorial board for this journal. 
References  
1.  Mohan, K.; Miller, H.; Dyce, P.; Grainger, R.; Hughes, R.; Vora, J.; Ledson, M.; Walshaw, M. 
Mechanisms of glucose intolerance in cystic fibrosis. Diabet. Med. 2009, 26, 582–588. 
2.  Finkelstein, S.M.; Wielinski, C.L.; Elliott, G.R.; Warwick, W.J.; Barbosa, J.; Wu, S.C.; Klein, D.J. 
Diabetes mellitus associated with cystic fibrosis. J. Pediatr. 1988, 112, 373–377. 
3.  Koch, C.; Rainisio, M.; Madessani, U.; Harms, H.K.; Hodson, M.E.; Mastella, G.;   
McKenzie, S.G.; Navarro, J.; Strandvik, B. Presence of cystic fibrosis-related diabetes mellitus is 
tightly linked to poor lung function in patients with cystic fibrosis: Data from the European 
Epidemiologic Registry of Cystic Fibrosis. Pediatr. Pulmonol. 2001, 32, 343–350. 
4.  Brennan, A.L.; Gyi, K.M.; Wood, D.M.; Johnson, J.; Holliman, R.; Baines, D.L.; Philips, B.J.; 
Geddes, D.M.; Hodson, M.E.; Baker, E.H. Airway glucose concentrations and effect on growth of 
respiratory pathogens in cystic fibrosis. J. Cyst. Fibros. 2007, 6, 101–109. 
5.  Ode, K.L.; Frohnert, B.; Laguna, T.; Phillips, J.; Holme, B.; Regelmann, W.; Thomas, W.;  
Moran, A. Oral glucose tolerance testing in children with cystic fibrosis. Pediatr. Diabetes 2010, 
11, 487–492. 
6.  Sterescu, A.E.; Rhodes, B.; Jackson, R.; Dupuis, A.; Hanna, A.; Wilson, D.C.; Tullis, E.; 
Pencharz, P.B. Natural history of glucose intolerance in patients with cystic fibrosis: Ten-year 
prospective observation program. J. Pediatr. 2010, 156, 613–617. 
7.  Bismuth, E.; Laborde, K.; Taupin, P.; Velho, G.; Ribault, V.; Jennane, F.; Grasset, E.; Sermet, I.; 
de Blic, J.; Lenoir, G.; et al. Glucose tolerance and insulin secretion, morbidity, and death in 
patients with cystic fibrosis. J. Pediatr. 2008, 152, 540–545. 
8.  Chamnan, P.; Shine, B.S.; Haworth, C.S.; Bilton, D.; Adler, A.I. Diabetes as a determinant of 
mortality in cystic fibrosis. Diabetes Care 2010, 33, 311–316. 
9.  Tofe, S.; Moreno, J.C.; Maiz, L.; Alonso, M.; Escobar, H.; Barrio, R. Insulin-Secretion 
abnormalities and clinical deterioration related to impaired glucose tolerance in cystic fibrosis. 
Eur. J. Endocrinol. 2005, 152, 241–247. 
10. Costa, M.; Potvin, S.; Hammana, I.; Malet, A.; Berthiaume, Y.; Jeanneret, A.; Lavoie, A.; 
Levesque, R.; Perrier, J.; Poisson, D.; et al. Increased glucose excursion in cystic fibrosis and its 
association with a worse clinical status. J. Cyst. Fibros. 2007, 6, 376–383. 
11.  Moran, A. Abnormal glucose tolerance in CF-when should we offer diabetes treatment? Pediatr. 
Diabetes 2009, 10, 159–161. 
12.  Laguna, T.A.; Nathan, B.M.; Moran, A. Managing diabetes in cystic fibrosis. Diabetes Obes. 
Metab. 2010, 12, 858–864. Nutrients 2012, 4  
 
 
294
13. Rana, M.; Munns, C.F.; Selvadurai, H.; Donaghue, K.C.; Craig, M.E. Cystic fibrosis-related 
diabetes in children—gaps in the evidence? Nat. Rev. Endocrinol. 2010, 6, 371–378. 
14.  Abdul-Ghani, M.A.; Tripathy, D.; DeFronzo, R.A. Contributions of beta-cell dysfunction and 
insulin resistance to the pathogenesis of impaired glucose tolerance and impaired fasting glucose. 
Diabetes Care 2006, 29, 1130–1139. 
15. Amiel, S.A.; Sherwin, R.S.; Simonson, D.C.; Lauritano, A.A.; Tamborlane, W.V. Impaired 
insulin action in puberty. A contributing factor to poor glycemic control in adolescents with 
diabetes. N. Engl. J. Med. 1986, 315, 215–219. 
16.  Ball, G.D.; Huang, T.T.; Gower, B.A.; Cruz, M.L.; Shaibi, G.Q.; Weigensberg, M.J.; Goran, M.I. 
Longitudinal changes in insulin sensitivity, insulin secretion, and beta-cell function during 
puberty. J. Pediatr. 2006, 148, 16–22. 
17.  Hannon, T.S.; Janosky, J.; Arslanian, S.A. Longitudinal study of physiologic insulin resistance 
and metabolic changes of puberty. Pediatr. Res. 2006, 60, 759–763. 
18.  Moran, A.; Jacobs, D.R., Jr.; Steinberger, J.; Hong, C.P.; Prineas, R.; Luepker, R.; Sinaiko, A.R. 
Insulin resistance during puberty: Results from clamp studies in 357 children. Diabetes 1999, 48, 
2039–2044. 
19.  Vanderwel, M.; Hardin, D.S. Growth hormone normalizes pubertal onset in children with cystic 
fibrosis. J. Pediatr. Endocrinol. Metab. 2006, 19, 237–244. 
20.  Moran, A.; Brunzell, C.; Cohen, R.C.; Katz, M.; Marshall, B.C.; Onady, G.; Robinson, K.A.; 
Sabadosa, K.A.; Stecenko, A.; Slovis, B. Clinical care guidelines for cystic fibrosis-related 
diabetes: a position statement of the American Diabetes Association and a clinical practice 
guideline of the Cystic Fibrosis Foundation, endorsed by the Pediatric Endocrine Society. 
Diabetes Care 2010, 33, 2697–2708. 
21.  Mozzillo, E.; Franzese, A.; Valerio, G.; Sepe, A.; De Simone, I.; Mazzarella, G.; Ferri, P.; Raia, V. 
One-year glargine treatment can improve the course of lung disease in children and adolescents 
with cystic fibrosis and early glucose derangements. Pediatr. Diabetes 2009, 10, 162–167. 
22.  White, H.; Pollard, K.; Etherington, C.; Clifton, I.; Morton, A.M.; Owen, D.; Conway, S.P.; 
Peckham, D.G. Nutritional decline in cystic fibrosis related diabetes: The effect of intensive 
nutritional intervention. J. Cyst. Fibros. 2009, 8, 179–185. 
23.  Thomas, D.; Elliott, E.J. Low glycaemic index, or low glycaemic load, diets for diabetes mellitus. 
Cochrane Database Syst. Rev. 2009, CD006296; doi:10.1002/14651858.CD006296.pub2. 
24.  American Diabetes Association. Standards of medical care in diabetes—2011. Diabetes Care 
2011, 34 (Suppl. 1), S11–S61. 
25.  Craig, M.; Twigg, S.; Donaghue, K.; Cheung, N.; Cameron, F.; Conn, J.; Jenkins, A.; Silink, M.; 
Australian Type 1 Diabetes Guidelines Expert Advisory Group. Draft National Evidence-Based 
Clinical Care Guidelines for Type 1 Diabetes in Children, Adolescents and Adults; Australian 
Government Department of Health and Ageing: Canberra, Australia, 2011. 
26.  Thomas, D.E.; Elliott, E.J. The use of low-glycaemic index diets in diabetes control. Br. J. Nutr. 
2010, 104, 797–802. 
27.  Skopnik, H.; Kentrup, H.; Kusenbach, G.; Pfaffle, R.; Kock, R. Glucose homeostasis in cystic 
fibrosis. Oral glucose tolerance test in comparison with formula administration (in German). 
Monatsschr. Kinderheilkd. 1993, 141, 42–47. Nutrients 2012, 4  
 
 
295
28. Ntimbane, T.; Krishnamoorthy, P.; Huot, C.; Legault, L.; Jacob, S.V.; Brunet, S.; Levy, E.; 
Gueraud, F.; Lands, L.C.; Comte, B. Oxidative stress and cystic fibrosis-related diabetes: A pilot 
study in children. J. Cyst. Fibros. 2008, 7, 373–384. 
29. Solomon, T.P.; Haus, J.M.; Kelly, K.R.; Cook, M.D.; Filion, J.; Rocco, M.; Kashyap, S.R.; 
Watanabe, R.M.; Barkoukis, H.; Kirwan, J.P. A low-glycemic index diet combined with exercise 
reduces insulin resistance, postprandial hyperinsulinemia, and glucose-dependent insulinotropic 
polypeptide responses in obese, prediabetic humans. Am. J. Clin. Nutr. 2010, 92, 1359–1368. 
30.  Giacco, R.; Parillo, M.; Rivellese, A.A.; Lasorella, G.; Giacco, A.; D’Episcopo, L.; Riccardi, G. 
Long-term dietary treatment with increased amounts of fiber-rich low-glycemic index natural 
foods improves blood glucose control and reduces the number of hypoglycemic events in type 1 
diabetic patients. Diabetes Care 2000, 23, 1461–1466. 
31.  O’Sullivan, T.A.; Lyons-Wall, P.; Bremner, A.P.; Ambrosini, G.L.; Huang, R.C.; Beilin, L.J.; 
Mori, T.A.; Blair, E.; Oddy, W.H. Dietary glycaemic carbohydrate in relation to the metabolic 
syndrome in adolescents: Comparison of different metabolic syndrome definitions. Diabet. Med. 
2010, 27, 770–778. 
32.  Gellar, L.; Nansel, T.R. High and low glycemic index mixed meals and blood glucose in youth 
with type 2 diabetes or impaired glucose tolerance. J. Pediatr. 2009, 154, 455–458. 
33.  Salmeron, J.; Manson, J.E.; Stampfer, M.J.; Colditz, G.A.; Wing, A.L.; Willett, W.C. Dietary 
fiber, glycemic load, and risk of non-insulin-dependent diabetes mellitus in women. JAMA 1997, 
277, 472–477. 
34. Brand-Miller, J.; Dickinson, S.; Barclay, A.; Celermajer, D. The glycemic index and 
cardiovascular disease risk. Curr. Atheroscler. Rep. 2007, 9, 479–485. 
35. Pawlak, D.B.; Kushner, J.A.; Ludwig, D.S. Effects of dietary glycaemic index on adiposity, 
glucose homoeostasis, and plasma lipids in animals. Lancet 2004, 364, 778–785. 
36.  Brand-Miller, J.C. Glycemic load and chronic disease. Nutr. Rev. 2003, 61, S49–S55. 
37.  Moses, R.G.; Barker, M.; Winter, M.; Petocz, P.; Brand-Miller, J.C. Can a low-glycemic index 
diet reduce the need for insulin in gestational diabetes mellitus? A randomized trial. Diabetes 
Care 2009, 32, 996–1000. 
38. Larsen, T.M.; Dalskov, S.M.; van Baak, M.; Jebb, S.A.; Papadaki, A.; Pfeiffer, A.F.;   
Martinez, J.A.; Handjieva-Darlenska, T.; Kunesova, M.; Pihlsgard, M.; et al. Diets with high or 
low protein content and glycemic index for weight-loss maintenance. N. Engl. J. Med. 2010, 363, 
2102–2113. 
39.  Papadaki, A.; Linardakis, M.; Larsen, T.M.; van Baak, M.A.; Lindroos, A.K.; Pfeiffer, A.F.; 
Martinez, J.A.; Handjieva-Darlenska, T.; Kunesova, M.; Holst, C.; et al. The effect of protein and 
glycemic index on children’s body composition: the DiOGenes randomized study. Pediatrics 
2010, 126, 1143–1152. 
40.  Rossetti, L.; Giaccari, A.; DeFronzo, R.A. Glucose toxicity. Diabetes Care 1990, 13, 610–630. 
41.  Kitabchi, A.E.; Temprosa, M.; Knowler, W.C.; Kahn, S.E.; Fowler, S.E.; Haffner, S.M.; Andres, R.; 
Saudek, C.; Edelstein, S.L.; Arakaki, R.; et al. Role of insulin secretion and sensitivity in the 
evolution of type 2 diabetes in the diabetes prevention program: Effects of lifestyle intervention 
and metformin. Diabetes 2005, 54, 2404–2414. Nutrients 2012, 4  
 
 
296
42. Iannucci, A.; Mukai, K.; Johnson, D.; Burke, B. Endocrine pancreas in cystic fibrosis: An 
immunohistochemical study. Hum. Pathol. 1984, 15, 278–284. 
43.  Dobson, L.; Sheldon, C.D.; Hattersley, A.T. Conventional measures underestimate glycaemia in 
cystic fibrosis patients. Diabet. Med. 2004, 21, 691–696. 
44.  O’Riordan, S.M.; Hindmarsh, P.; Hill, N.R.; Matthews, D.R.; George, S.; Greally, P.; Canny, G.; 
Slattery, D.; Murphy, N.; Roche, E.; et al. Validation of continuous glucose monitoring in 
children and adolescents with cystic fibrosis: A prospective cohort study. Diabetes Care 2009, 32, 
1020–1022. 
45.  Schiaffini, R.; Brufani, C.; Russo, B.; Fintini, D.; Migliaccio, A.; Pecorelli, L.; Bizzarri, C.; 
Lucidi, V.; Cappa, M. Abnormal glucose tolerance in children with cystic fibrosis: The predictive 
role of continuous glucose monitoring system. Eur. J. Endocrinol. 2010, 162, 705–710. 
46.  Franzese, A.; Valerio, G.; Buono, P.; Spagnuolo, M.I.; Sepe, A.; Mozzillo, E.; De Simone, I.; 
Raia, V. Continuous glucose monitoring system in the screening of early glucose derangements in 
children and adolescents with cystic fibrosis. J. Pediatr. Endocrinol. Metab. 2008, 21, 109–116. 
47. Jefferies, C.; Solomon, M.; Perlman, K.; Sweezey, N.; Daneman, D. Continuous glucose 
monitoring in adolescents with cystic fibrosis. J. Pediatr. 2005, 147, 396–398. 
© 2012 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access article 
distributed under the terms and conditions of the Creative Commons Attribution license 
(http://creativecommons.org/licenses/by/3.0/). 